Abstract-Personal exposure to solvents was studied among hairdressers in 28 salons in two regions during two seasons in The Netherlands. Ethanol was used as a marker for solvent exposure. Auxiliary data, such as salon and work characteristics, meteorological conditions and information on the presence of control measures, were collected during the measurements. The average exposure to ethanol was almost a factor of 200 below the occupational exposure limit, but differences in average ethanol concentrations up to a factor of 30 were present between salons. Exposure concentrations were significantly higher on Fridays than on other days of the week. Contrary to expectation, exposures were somewhat lower in the spring than in the summer and in an urban than a semi-r,ural area. An empirical statistical model based on exposure data collected during the first measurement period appeared not to be valid for the encountered circumstances in the second measurement period. An alternative classification scheme based on two easily obtainable salon and task characteristics was elaborated. This scheme will be applied in an ongoing epidemiological study on reproductive disorders among hairdressers and their offspring.
INTRODUCTION
Hairdressers are routinely exposed to a wide range of chemicals, including dyes and solvents (NIOSH, 1980; Guidotti et al, 1982 ; IARC, 1993; Kersemaekers et al, 1995) , As a result, some adverse health risks have been found in the offspring of hairdressers in recent epidemiological studies (Roeleveld et al., 1993; John et a l, 1994) . To investigate these findings more extensively, a study on reproductive disorders among hairdressers in The Netherlands was initiated by the Department of Medical Informatics, Epidemiology and Statistics o f the University of Nijmegen (Kersemaekers et al., 1995) , In most epidemiological studies among the general population or among employees from small scale enterprises, occupational exposure is assessed by applying so-called general job-exposure matrices (JEMs) or through self-reported questionnaires and interviews. Each of these methods has a great potential for differential and non-differential misclassification (Flegal et al., 1986; Ahlborg, 1990 ; Holmes and Garschik, 1991; Kauppinen et al., 1992 ; Kromhout et al., 1992; Roeleveld et al., 1993) . To improve the accuracy of retrospective exposure
Author to whom correspondence should be addressed. assessment for a study on reproductive disorders among hairdressers, exposure measurements were carried out in several hairdressing salons. The objectives were to obtain more insight into the levels and variability of exposure to solvents, to elucidate factors affecting the level of exposure, to find seasonal or regional effects, and to elaborate and validate empirical statistical models for exposure assessment.
MATERIALS AND METHODS
The initial part o f the study was carried out in the semi-rural area of Wageningen in the hot summer o f 1994, The average daily temperature during the measurement period was 4-6°C higher than normal (16°C) (K N M I, 1994a; KNMI, 1994b). The second part o f the study was carried out in the spring of 1995 both to validate the empirical statistical model developed with the measurements from the first period and to test the hypothesis that exposures would be higher in urban than in (semi-) rural areas, and in seasons other than summer. In the second period, repeat measurements were carried out in Wageningen and additional measurements were performed in Rotterdam.
Selection of salons
In the first period 37 hairdressing salons for men and women in Wageningen and surrounding villages were randomly selected from the yellow pages. The owners o f the salons were initially contacted by mail with a request to cooperate and were contacted by telephone a week after receiving the letter. In the second period, seven salons in Wageningen who responded positively in the first period were contacted again by telephone with a request to be monitored again. In Rotterdam, 12 salons, with a wider variation in type o f customers, ethnicity, hair styles and prices, were selected in cooperation with the local hairdressing school, contacted by telephone and asked to participate in the survey.
Measurements and analysis
Both personal and stationary ambient air 8-h time-weighted average (TWA) exposures were estimated by sampling with NIOSH-approved charcoal adsorbent tubes, connected to portable pump devices (DuPont P-125A and P-200A) with a flow of 50 ml m in" 1, After sampling the samples were stored at -18°C. Before analysis the adsorbent was put in a 2 ml glass vial and desorbed with 1 ml carbon disulphide (CS2) (Merck, Amsterdam, The Netherlands). The vial was closed with a cap, and subsequently analysed with a gas chromatograph (HP 5880 autosampler 7672A). Because ethanol was one of the most common solvents in the selected hairdressing salons, ethanol concentrations were quantified. Ethanol was considered an indicator for solvent exposure in general.
Ventilation rates were measured every morning and afternoon, using the principle of rate of decay o f a concentration in time (Boleij et al., 1995) . Approximately 2.5 1. of a tracer gas was evenly released in the salon, where it was assumed to be dispersed uniformly and to be diluted with incoming air. During a 20-min period, the decrease in tracer gas concentration was monitored with a M IRAN-
Measurement strategy
Personal ethanol measurements were performed by attaching a portable pump device to the waist of a hairdresser and fixing the charcoal adsorbent tube near the breathing zone. Duplicate ambient air measurements were taken at a fixed height of 1.5 m above the floor in non-obstructing central locations in the salons. Coefficients o f variation were calculated from these duplicate ambient air measurements.
During the first period in Wageningen and during the second period in Rotterdam every salon was monitored on 2 consecutive days (Tuesday and Wednesday or Thursday and Friday), During the second period in Wageningen, each salon was monitored on 4 days: Tuesday and Wednesday during the first week and Thursday and Friday during the second week (or vice versa).
Statistical analysis
The exposure data were analysed with Statistical Analysis System (SAS) software, after being aggregated within a LOTUS 1-2-3 spreadsheet, PROC UNIVARIATE was used to study the exposure distribution, while PROC MEANS was used to estimate descriptive statistics. Between-and within-worker components o f variance, as well as between-and within-group components o f variance were estimated with PROC NESTED assuming one-way and two-way random-effects ANOVA models, respectively (Kromhout et a i , 1993; Kromhout and Heederik, 1995 Between-and within-worker components o f variance of the log-normally distributed exposure concentrations by period and region are presented in Table 2 .
The first period showed a larger between-worker distribution than within-worker distribution (bwR0,95 = 31.9 vs wwR0.95 -18.8), while in the second period the between-worker distribution was smaller than the within-worker distribution S% number of salons; X, number of measured persons; Ns number of measurements; AM, maximum likelihood estimate arithmetic mean (based on one-way random effects ANOVA model); GM, geometric mean; GSD, geometric standard deviation; Range-minimum-maximum. N, number of measurements; K , number of measured persons; Bw*$y> between-worker variance component; ww*Sy> within-worker variance component; DwR0«95, ratio of 97.5th and 2.5th percentiles of log-normal between-worker distribution; wwR0.95, ratio of 97.5th and 2.5th percentiles of log-normal within-worker distribution.
(bwRO'9 5 -11.2 vs wwRO-95 -4 1 .4 ). Total variability in exposure concentrations in Wageningen in the second period was smaller than both in Rotterdam in the second period and Wageningen in the first period.
Meteorological conditions, salon-and work characteristics for both measure ment periods and for both regions are presented in Table 3 , Compared with the second period, the first period was characterized by higher temperatures, a slightly lower relative humidity, more sunshine and slightly higher wind speed. Dimensions o f the salons were similar for both periods and regions. A higher percentage o f salons in Rotterdam was equipped with an air cleaning device and forced general ventilation. The number o f customers per day was significantly lower in Rotterdam. Almost 50% o f the clientele in Rotterdam was male compared with approximately 25% in Wageningen. The average number of hairdressers per salon was between three and four and was comparable for both seasons and regions. In the first period ventilation rates ranged from 0-107 h~1 (AM = 4.0, GM = l,2h " "1) and in the second period from 0.1-6.3 h "" 1 (AM = 1.5, GM = 1.1 h~!). In the second period, ventilation rates were higher in Rotterdam than in Wageningen (AM = 2.0 h~l vs 1.1 h""1). N o significant differences were apparent in work practices between both seasons and regions.
Average ethanol concentrations per day of the week are presented in Table 4 where ^1 Given the lack of validity o f the empirical statistical model, a reduced classification scheme was elaborated, This scheme was based on two characteristics (presence of an air cleaning device and performance of wave sets) and classified salons, individual hairdressers, or measurement days into either a high or a low N, number of measurements; K , number of measured persons; bwR.95, ratio of 97.5th and 2.5th percentiles of log-normal between-worker distribution; wwR«95, ratio of 97.5th and 2.5th percentiles of log-normal within-workcr distribution.
High, air cleaning (no) + wave sets (yes); Low, air cleaning (yes) + wave sets (yes); air cleaning (no) + wave sets (no); or, air cleaning (yes) + wave sets (no). solvent exposure group, Descriptive statistics for these exposure groups are presented in Table 6 . Individual average ethanol concentrations within the created A exposure groups differed considerably (BWR,95 range: 7,8-19.5), while only two-fold differences in average ethanol concentrations between exposure groups were present. Although less variability in exposure concentrations was explained by this classification than by the presented regression model, the classification was consistent for both periods and regions. Table 7 shows variance components for different classification schemes. From this table it is apparent that most of the contrast (e) in solvent exposure between hairdressers is due to salon characteristics ( 1.00 for grouping by salon vs 0.00 for grouping by job category). With only information on two of these characteristics, a moderate contrast in average exposure level (e ranged from 0.38 to 0.46) could be achieved. A grouping on the basis of job category appeared to be non-informative and, therefore, useless as a proxy for exposure to solvents. Contrary to a priori .expectation, exposure levels in the spring were somewhat lower than in the summer. This effect could partly be explained by the smaller average number o f customers per salon in Rotterdam, where only measurements were performed in the spring. In Wageningen, however, the number o f customers was similar in both periods, but the average ethanol concentrations were somewhat lower in the second period than in the first. Another hypothesis is that ethanol evaporates at a higher rate on days with higher indoor temperatures and with increased sunshine radiation. However, average salon temperatures were only 4°C higher in the first period compared to the second period (20,8°C vs 24.6°C) and an inverse relationship between salon temperature and ethanol concentrations was seen in both periods. Also contrary to expectation, ethanol exposure concentrations were somewhat lower in Rotterdam than in Wageningen, Lower numbers of customers and higher percentages o f male customers combined with a higher number o f salons with control measures in Rotterdam is a likely explanation. Forced general ventilation was present in 44% vs 28% o f the salons, and air cleaning devices were present in 33% vs 11% o f the salons. In both regions, 44% of the salons had neither an air cleaning device, an air conditioner or forced general ventilation.
Exposure concentrations on Fridays were higher than on other days of the week which could be partly explained by a higher average number o f customers (32.4 vs 23.4), a relatively larger number of wave settings (3.3 vs 1.7) and increased use o f hair spray (130 g vs 80 g ). The increased use o f hair spray is directly related to the increased number of wave settings on Fridays. Ethanol is currently the most important solvent in hair sprays and setting lotions can contain up to 50% of ethanol (IARC, 1993). Hairdressers argued that exposures are normally highest on Saturdays, which is considered to be the busiest day o f the week. Measurements were not performed on Saturdays because of limited opening hours, thereby preventing confirmation o f this subjective assessment* The finding that exposures are relatively high on Fridays (and presumably also on Saturdays) is important for exposure assessment o f part-time workers in epidemiologic studies. For part-time hairdressers it is more important to know which days of the week they work than the total number of working hours.
Total exposure variability (xoT^y) was smaller in Wageningen in the second period. This was most likely due to a more homogeneous selection o f types of salons, and because salons were monitored for 4 days of the week instead o f for only 2 consecutive days.
Limitations
This study was limited to monitoring ethanol exposure during only two seasons and so a comprehensive characterization o f seasonal effects on exposure to solvents was not possible. Another important limitation o f the study was that measurements were only performed in two regions. Salons differ from each other in several ways and in order to be able to draw valid conclusions for epidemiological studies, monitoring should be comprehensive and include all different types o f salons {customers and hairstyles). For instance, the measurements performed in the six selected salons in Wageningen in the second period showed relatively small r \ differences between hairdressers' average ethanol concentrations (BwR-95 4.9) when compared with the first period in which more different types of salons were included in the study population (BwR-95 31.9).
Other solvents were identified, in particular, methanol, acetone and dichloromethane (one salon only). However, since only the exposure to ethanol was quantified, it was not possible to get insight in the total exposure to solvents of hairdressers, let alone exposure by different routes (for example, dermal exposure).
In order to get an accurate view o f the level o f the variability in solvent concentrations in hairdressing salons, monitoring should be performed on every day o f the working week. The measurement strategy used with measurements on 2 consecutive days led to biased estimates o f average concentration and variance components at the individual salon level.
In the first period, extremely high ventilation rates were found when salon doors were open. Conversely, very low ventilation rates were found when salon doors were closed but windows opened, although air circulation could be subjectively assessed. Using a tracer gas with a relative high molecular weight (SF6) that dispersed to the floor o f the salon must have been the cause o f this artefact. In one case, an unrealistic ventilation rate o f 107 h " 1 was estimated. Consequently, SF6 was replaced by N 20 , which resulted in more realistic estimates of ventilation rates. Ventilation rates for both periods were therefore not comparable.
Use o f less accurate scales for weighing hair spray cans during the first period may have resulted in less accurate estimates o f hair spray use. A more accurate scale was used in the second period.
Modelling
All nested effects in the ANOVA models were considered random rather than fixed. This assumption seems justifiable for workers and days, because they were randomly chosen. The assumption o f a random group effect is more debatable but at least in principle, an infinite number o f possible grouping schemes exists . The empirical regression model elaborated on the basis of the measurement data collected during the first period performed rather poorly when applied to the data collected in the second period. The much smaller regression coefficient for salon temperature in the second period ( -0.04 vs -0.15) was the main reason for this poor performance. The inverse relationship between salon temperature and ethanol concentrations was apparently only present in the summer with higher indoor temperatures that may have led to increased ventilation by opening doors and windows. The coefficient for number o f male customers changed from -0.06 in the first period to 0,02 in the second period, which could only be explained by increased use of hair spray for male customers, which might be a seasonal effect or might be due to inclusion o f salons in Rotterdam which may treat their male customers differently.
The elaborated simple classification scheme was considered to be a better alternative than the more complex regression model. Although it explained less overall variance, it did succeed in classifying salons, hairdressers and measurement days into exposure groups with different average ethanol concentrations. Moreover, it yielded consistent results for both study periods and regions. Unfortunately, these simple classifications resulted in groups with considerable between-worker differences in average exposure concentrations. Analyses of the variance components showed that grouping hairdressers by salon was most effective, while a grouping based on job category was not informative. In the study by John et ai (1994) , self-reported work characteristics such as number of hours worked per week, number of customers per week, and number of specific chemical services performed per week were used as proxies for exposure. Average number of customers and treatments (tasks) per hairdresser were not significantly different from our study (Table 8) . However, our study showed that differences in exposure levels between salons were much larger than among hairdressers within each salon. Individual average exposure levels hardly differed within a salon. This implies that exposure to solvents by inhalation of hairdressers is more determined by salon characteristics than individual work characteristics. Based on our results, the exposure assessment strategy applied by John 
